








>? SYNTHETIC ORGANIC 


CHEMICALS 


PUBLISHED BY THE 


Eastman Kodak Company, Rochester, N. Y. 





VOL. XI 


FEBRUARY, 1938 


NO. 1 





The Hardening of Drying Oils 


CHARLES R. FORDYCE 
Eastman Kodak Company 


HE chemical behavior of drying oils 
2 ane their transition from liquid 
to solid state is at present much less 
clearly understood than might be ex- 
pected, in view of the extensive commer- 
cial importance of these materials. Not- 
withstanding the great mass of experi- 
mental data available, investigators find 
it extremely difficult to describe consist- 
ently the mechanism of chemical oxida- 
tion and polymerization responsible for 
the hardening process. As early as the 
tenth century, drying oils were known to 
change from liquids to solids upon expo- 
sure to air, although it was not until 
after the discovery of oxygen, in 1774, 
that the important role of oxidation in 
this transition was appreciated. | 
Drying oils are mixtures of glycerol 
esters of fatty acids, and derive their 
drying properties from the presence in 
the mixture of a large proportion of the 
more highly unsaturated linoleic, lino- 
lenic, and elaeostearic acids. The formu- 
las of these acids are shown below: 


The first change that takes place in a 
drying oil upon exposure to air is an 
oxidation in which a measurable quan- 
tity of oxygen is absorbed to form perox- 
ides. Continued oxidation results in con- 
version of the oil toa nonfluid mass. The 
quantity of oxygen absorbed before so- 
lidification takes place varies with differ- 
ent oils, and, to some extent, with differ- 
ent conditions of oxidation. Long and 
his co-workers have shown that linseed 
oil at 160° C. absorbs 12 to 13% oxygen 
before conversion. Pure oleic acid tri- 
glyceride absorbs 18.5% and linolenic 
triglyceride 11.38% oxygen under the 
same conditions, while the pentaeryth- 
ritol ester of linolenic acid absorbs only 
8.84% oxygen before solidification. The 
rate of oxidation has been shown to be 
greater in the first stages of the absorp- 
tion and later to decrease to a much 
lower rate. The addition of metallic 
driers such as cobalt or manganese salts 
of linolenic acid greatly accelerates the 
initial rate of oxidation, resulting in more 


rapid drying. 





Linoleic acid 
Linolenic acid 


Elaeostearic acid 





CH3.- (CH2),CH = CH. CH. CH = CH. (CH2);COOH 
CH3- CH2. CH = CH. CHe- CH = CH. CH». CH = CH. (CH2);COOH 


CH3(CH2)3- CH = CH.CH = CH. CH = CH. (CH2);COOH 


Commercial drying 
oils usually are given 
a preliminary treat- 
ment in which they 
receive a partial oxi- 
dation to speed up the 
drying process. These 
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products are classified as blown oils, 
boiled oils, etc., according to the condi- 
tions of treatment. 

Physical changes which take place in 
linseed oil during the boiling process 
have been studied by Caldwell and Mat- 
tiello. Absorption of oxygen is accom- 
panied by a decrease in iodine number 


and an increase in molecular weight of 


the oil. Boiling for nine hours at above 
300° C. increases the molecular weight 
from 700 to about 1,600. 

Initial absorption of oxygen by drying 


oils has been shown to be in the form of 


peroxides, which are often represented 
by the structure 


| 
—C—O 

a. 
—C—O 
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These peroxides then react further to 
produce a complex structure, resulting 
in solidification of the oil. 

Some investigators hold the opinion 
that the hardening of drying oils can be 
explained by physical association be- 
tween molecules. It is known that the 
peroxide structure first formed rear- 
ranges to a hydroxy ketone structure, 
which is in equilibrium with a di-ol form 


| | 
C=O C—OH 
| a 
HC—OH C—OH 


These oxygenated groups, being much 
more polar in nature than the original 
ethylenic bonds, are said to produce a 
highly associated grouping of molecules 
of sufficient strength to account for the 
solidification and hardening of the oil. 
Another viewpoint which has been 
suggested is that the hydroxyl groups 
resulting from oxidation of the oils 
undergo chemical condensation to form 
molecules of high molecular weight. It 
has been pointed out that oxidation of 


— ——— a a ne 


oils is known to be followed by elimina- 
tion of water and carbon dioxide from 
the oil by further curing, and that this 
would indicate chemical condensation. 

The theory that drying may involve 
polymerization of ethylenic linkages 1s 
receiving considerable support, espe- 
cially by recent investigators. One 
hypothesis used to develop this theory is 
that the energy necessary to bring about 
polymerization may be supplied by oxi- 
dation of a portion of the unsaturated 
bonds. Thus, oxidation would first take 
place and the additional energy sup- 
plied to the molecule by the oxidation 
reaction would increase its activity to 
permit polymerization. This is in agree- 
ment with the known facts. 

A modification of the polymerization 
theory is that the reaction requires a 
conjugated system of double bonds to be 
effective. It is suggested that the oxida- 
tion step develops conjugated unsatu- 
rated systems by introduction of car- 
bonyl groups between double bonds. In 
support of this, it 1s pointed out that 
China wood oil, consisting very largely 
of glycerol elaeostearate which contains 
a doubly conjugated grouping of ethyl- 
enic bonds, may be polymerized by heat 
only, wide those drying oils which do 
not contain the conjugated structure 
require oxidation before hardening. 

By regarding the molecular polymeri- 
zation of drying oils as “oxygen conver- 
sion” of unsaturated molecules to units 
of higher molecular weight, the behavior 
of these materials has been shown to cor- 
relate favorably with that of synthetic 
resins. Polymerization or condensation 
of materials which are capable of resin 
formation produces high molecular poly- 
mers which are soluble or insoluble, and 
fusible or infusible, depending upon 
whether the materials from which they 
are made are capable of forming linear 
or three-dimensional structures. 

Krom studying the monohydric alkyl 
esters of drying oil acids and comparing 
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their behavior with that of glycol esters 
containing two acid radicals in each 
molecule, and glycerol esters with three 
acid radicals, the potential complexity 
of the hardened drying oils has been 
classified. Monohydric and dihydric al- 
cohol esters of drying oil acids were 
found not to give insoluble products 


upon exposure to air, while molecules 
with three or more unsaturated acy] 
groups became insoluble. These results 
led to the conclusion that most drying 
oil acids behave as one functional group 
in polymerization, requiring at least 
three ester groups in each molecule to 
produce a three-dimensional structure. 


Eastman Organic Chemicals as Analytical Reagents 


XLV REAGENTS FOR BERYLLIUM 


p-N ITROBENZENEAZOORCINOL 


Komarowsky and Poluektoff, Mikro- 
CHEMIE, /4, 315 (1934) 


The yellow alkaline solution of p-nitro- 
benzeneazoorcinol is changed to orange- 
red in the presence of beryllium. A drop 
of the dye solution (.025 ¢. in N sodium 
hydroxide) i is placed on a piece of filter 
paper. The tip of a capillary tube con- 
taining the test solution is touched to the 
center of the yellow spot and the liquid 
allowed to run slowly onto the paper. 
The spot is again dampened with a drop 
of the dye solution. 
beryllium is shown by a change in the 
color of either the center of the spot or of 
the entire spot to orange-red. By the 


method as little as 0.27 in 0.04 c.c. of 


solution can be detected (1 part in 
200,000). 

Magnesium forms a brownish-yellow 
precipitate. Rare earths do not interfere. 
Zinc produces an identical color, but this 
disappears upon the addition of a drop 
of 25°; potassium cyanide. 


QUINALIZARIN 
KeTHYLENEDIAMINE 


Dubsky and Krametz, MikrOcHEMIE, 
20, $7 (1936) 


As little as 0.147 of beryllium can be 
detected with quinalizarin and ethylene- 
diamine. Thirty drops of a 0.05% solu- 
tion of quinalizarin 1 in ethyl alcohol and 

s drops of a 10% solution of ethylene- 


The presence of 


diamine are mixed. This reagent has a 
characteristic violet color distinct from 
that of the beryllium test. To it 1s added 
the test solution. If beryllium is present, 
a definite blue is formed. It is necessary 
to compare the result with a blank. 
The test is somewhat less delicate if 
ammonium hydroxide is used in place of 
the ethylenediamine. If the presence of 
magnesium is suspected, I c.c. of bromine 
water is added. This causes the beryllium 
color to fade slightly but bleaches com- 
pletely any color due to magnesium. 





Correction 


It has been brought to our attention that 
minor errors were present in the formulas 
which appeared in the article, The Die/s- 
Alder Diene Synthesis, Vol. X, No. §. 

Diene A as shown on page I is not a 
conjugated diene. The correct represen- 
tation should be 


LD 2 es 
—C=C—C =C— 


The cyclic derivative C in the same for- 
mula contains 2 carbon atoms, 2 and 3, 
which are indicated as being trivalent, 
while each should, of course, possess a 
fourth valence bond. 

On page 2, carbon atoms 1 and 4 of 
the bicyclic derivative F should be quad- 
rivalent only, having but one free va- 
lence bond although they are shown as 
having two. 
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NE of the most valu- 
O able columns for 
distilling and refluxing 
chemicals is the Clarke 
and Rahrs column. Its 
advantage is that it al- 
lows so many modifica- 
tions for special pur- 
poses. In SyNTHETIC OrR- 
GANIC CHEMICALS, Vol- 
ume IX, No. 3 (May, 
1936), was described a 
modification of this col- 
umn, which has_ been 
found very useful in the 
preparation of certain 
esters. The illustration 
shows a further modifi- 
cation which is used in 


the production of such 


esters as methy] oxalate. 
In the synthesis of 
methy] oxalate, a carrier 
such as benzene is em- 
ployed to remove the 
water formed during the 
reaction. The aqueous 
benzene collects in the 
lower portion of the col- 
umn. When the two lay- 
ers have formed, the 
water is drawn off when- 
ever necessary from the 
lowest bubbler by means 
of the stopcock. The side- 
arm also serves as a 
means of determining 
the progress of the reac- 
tion, since the speed at 
which the water is col- 
lected is easily ascer- 
tained. A by-pass fitted 
with a trap is provided 
to return any unreacted 
methyl alcohol from the 
top of the column to the 
reaction mixture. 








Reflux Condenser for Preparation of Esters 
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A modification of the Clarke and Rahrs column. 








